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Description 

BACKGROUND OF THE INVENTION 

5 [0001] Thrombocytopenia (low blood platelet levels) is most often caused either by defective platelet production or 
excessive platelet destruction. Defective platelet production is a common manifestation of many toxic, nutritional, and 
neoplastic disturbances of the bone marrow. Increased peripheral destruction of platelets is characterized by shortened 
platelet survival and Increased proliferation of bone marrow megakaryocytes in an effort to compensate for the low 
platelet levels. Frequently, this process is immunologically mediated. 
10 [0002] Certain drugs and their metabolites induce antibodies in some individuals which can cause immune platelet 
destruction. Implicated drugs include quinidine and quinine (stereoisomers of each other), sulfonamide antibiotics and 
many others (R.H. Aster, in Platelet Immunobiology: Molecular and Clinical Aspects, T.J. Kuntckl and J.N. George eds., 
Lippincott, Philadelphia, pp. 387-435. 1989; N.R. Shulman, etaL, "Platelet Immunology" in Hemostasis and Thrombo- 
sis: Basic Principles and Clinical Practice. R.W. Culman, J. HIrsh, V.J. Marder, E.W. Salzman, eds. Lippincott, Phi la- 
's detphia. 2nd ed., pp. 452-529. 1989). A few of these drugs, such as penicillin, appear to bind covalently to platelet 
proteins and stimulate the formation of antibodies specific for the drug-protein complex (hapten-dependent antibodies) 
(D.J. Salamon, et a/., Transfusion 24:395, 1984). More often, however, the sensitizing drug or one of its metabolites 
induces the fomnation of antibody by an unknown mechanism (Aster, supra, 1989; A. Salama, etal., Sent. Hematol. 
29:54-63, 1992). The resulting antibodies bind to platelets only in the presence of drug to cause platelet destruction. 
20 Evidence obtained by the Applicants (D.J. Christie, et al., J. Clin. Invest. 75:310, 1985; D.J. Christie, et ai, J, Clin. 
Invest. 70:989, 1982) and others (C. Mueller-Eckhardt, et al.. Trans. Med. Rev. 4:69, 1990; A. Salama, etal., Semin. 
Hematol 29:54, 1992) Indicates that In such cases, the drug binds non-covalently and reversibly to selected platelet 
membrane proteins to Induce conformational changes or form compound epitopes that are recognized by the antibod- 
ies. Drug-dependent binding of the antibodies to platelets causes the platelets to be destroyed. In the several forms 
25 of drug-Induced Immune thrombocytopenia, platelet counts are often very low and bleeding complications are frequently 
severe. 

[0003] A third type of drug-induced thrombocytopenia (heparin-induced thrombocytopenia or HITP) occurs in patients 
treated with heparin to prevent or treat thrombosis. Heparin is a family of polysaccharide species consisting of chains 
made up of alternating, 1 -4 linked and variously sulfated residues of glucuronk: acid or iduronic acid and D-glucosamine. 

30 (B. Casu, "Methods of structural analysis" in Heparin: Chemical and Biological Properties, Clinical Applications, D.A. 
Lane and U. Lindahl, eds. CRC Press, Inc. Boca Raton, Florida, 1989, pp. 25-49.) In man and animal species, heparin 
Is normally found In storage granules of mast cells (tissue basophils) (L. Enerback, "The mast cell system." In Heparin: 
Chemical and Biological Properties, Clinical Applications, supra, pp. 97-114. Heparin-like molecules, such as heparan 
sulfate and chondroltin sulfate are expressed on the surface of endothelial cells that coat the luminal surface of blood 

35 vessels and in other tissues where they are coupled to a protein backbone (syndecan) to form a class of molecules 
known as proteoglycans (Ihrcke, etal.. Immunology Today 14:500-505, 1 993). The heparin-like residues on endothelial 
cell proteoglycans are thought to provide one means by which abnormal clotting is prevented, allowing the circulating 
blood to remain in a fluid state (J. A. Marcum, etal.. The biochemistry, cell biology, and pathophysiology of anti-coag- 
ulantly active heparin-like molecules of the vessel wall" in Heparin: Clinical and Biological Properties, Clinical Appli- 

40 cations. D.A. Lane and U. Lindahl eds., CRC Press, Inc., Boca Raton, Florida, pp. 275-294, 1989). Heparin acts as an 
anticoagulant by binding to a co-factor protein, anti-thrombin III, in such a way as to enable this protein to inhibit certain 
activated clotting factors, especially activated Factor X (Xa) and thrombin (Ha) (I. Bjork, etal., "Molecular mechanisms 
of the accelerating effect of heparin on the reactions between antlthrombin and clotting proteases" in Heparin: Chemical 
and Biological Properties, Clinical Applications, D.A. Lane and U. Lindahl eds., CRC Press, Inc., Boca Raton, Florida, 

45 pp. 229-255, 1989). Heparin of bovine origin appears to be more likely to cause HITP than heparin of porcine origin 
(W.R. Bell, etaL, N. Engl. J. Med. 33:902. 1980). 

[0004] Thrombocytopenia in patients with H ITP is usually not severe enough to result In bleeding. However, patients 
with this condition often experience thrombosis in major arteries and/or veins which can be fatal or cause the loss of 
a limb or a stroke. After discontinuation of heparin in patients with HITP, the platelet levels generally return to normal. 

so [0005] HITP appears to be caused by IgG, IgM or IgA antibodies that develop after five or more days of heparin 
therapy (G.P. Visentin, etal., J. Clin, invest. 93:81-88, 1994 and J.S. Sub, etai. Am J. Hematol, In press, 1995). These 
antibodies differ from those associated with other forms of drug-induced thrombocytopenia in that, in the presence of 
optimal concentrations of heparin, they activate blood platelets, causing the platelets to release the contents of their 
storage granules and to undergo membrane changes that create sites for the binding of a coagulation factor, fibrinogen, 

S5 nomnally present In plasma (B.H. Chong, etal., Br. J. Haematol. 64:347, 1986). The Applicants and others have shown 
that antibodies associated with HITP are specific for complexes of heparin and platelet factor 4 (PF4), a basic heparin- 
binding protein normally present in platelet storage granules (Visentin, etal., 1 994, supra; Amiral, etal., Thromb. Hae- 
mostasis 68:95-96, 1992). 
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[0006] On the basis of findings made in their laboratory, the Appiicants recently proposed the following new hypoth- 
esis to explain the development of thrombocytopenia and thrombosis in patients sensitive to heparin (Adapted from 
G.P. Visentin, etaf. J, din. Invest. 93:81-88, 1994): In a patient with IgG antibodies specific for heparin/PF4 complexes 
who Is treated with heparin, a) minimal activation of circulating platelets by heparin alone (C. Eika, Scand. J. Hematot, 

5 9:480, 1 972) or by Immune complexes consisting of heparin, PF4, and IgG, leads to release of PF4 from platelet alpha- 
granules in a complex with chondroitin sulfate (S. Huang, ef a/., J. Biol. Chem. 257:11546, 1982); b) circulating heparin 
displaces the chondroitin sulfate to fomri heparin/PF4 complexes (R. Handin, et at, J. Biol. Chem. 251 :4273, 1 980); c) 
antibodies bind to heparin/PF4 to form immune complexes in close proximity to the platelet surface; d) these complexes 
bind to platelet Pq receptors, activate platelets, and release more PF4; e) the additional PF4 released reacts with 

10 heparin and IgG to form new immune complexes, promoting further platelet activation and causing thrombocytopenia; 
and f) PF4 released from platelets in excess of the amount that can be neutralized by available heparin binds to heparan 
sulfate on endothelial cells to create targets for IgG, IgA, or IgM antibodies leading to antibody-mediated endothelial 
injury and a predilection to thrombosis or disseminated Intravascular coagulation. IgM antibodies, because of their 
greater capacity for complement activation, may be more destructive to endothelial ceils than those of the IgG or IgA 

15 classes. 

[0007] Because of the morbidity and mortality associated with HITP, it is important that the diagnosis be made quickly 
and accurately in a patient who develops thrombocytopenia while receiving heparin. Failure to make a diagnosis in 
such patients can lead to continuation of heparin therapy and fatal outcome. Assays used to diagnose other forms of 
drug-induced thrombocytopenia, i.e., binding of IgG or IgM antibodies to nomrial target platelets in the presence of drug 

20 (R.H. Aster, The immunologic Thrombocytopenias in platelet Immunology. TJ, Kunteki and J.N. George eds., Lippincott, 
Philadelphia, Pennsylvania, pp. 387-435, 1989) are not usefuMn detecting antibodies associated with HITP (G.P. Visen- 
tin, 1994, supra; H.C. Godal, "Heparin-induced thrombocytopenia" in Heparin: Chemical and Biological Properties, 
Clinical Applications, D.A. Lane and U. Lindahl eds., CRC Press, Inc., Boca Raton, Florida, pp. 533-548, 1989). 
[0008] Accordingly, diagnostic techniques have been developed that make use of the ability of HITP-associated 

25 antibodies to activate platelets in the presence of optimum concentrations of heparin. One such test is the platelet 
aggregation test which is done by mixing the following reagents together in a test tube: normal platelet-rich plasma 
anti-coagulated with citrate, heparin at a concentration of about one unit per ml, and plasma or serum from the patient 
suspected of having HITP. The mixture is incubated at 37*^0 and stin-ed. In a positive reaction, the antibody activates 
the platelets, causing the platelets to aggregate. The extent of aggregation is measured by an increase in light trans- 

30 mission through the mixture (J.G. Kelton, etal.. Blood 72:925-930, 1988 and B.H. Chong Thromb Haemostasis 69: 
344-350, 1993). The assay is then repeated using a much higher concentration of heparin, e.g., 100 units per ml. 
Aggregation with the lower dose of heparin and lack of aggregation with the higher dose constitutes a positive test for 
HITP antibody 

[0009] A second and more sensitive test, also dependent on the ability of HITP antibodies to activate platelets, is 
35 the i^C-serotonin release test (D. Sheridan, etal.. Blood 67:27-30, 1986). In this assay, washed, normal donor platelets 
radiolabeled with ^^C-serotonin are suspended in buffer and test serum. Heparin at a concentration of about 0.1 units 
per ml is then added and the mixture is agitated for about 30 minutes. In a positive test. i^-serotonin is released from 
the platelets by virtue of their being activated by the HITP antibody (Sheridan, 1986, supra). As with the aggregation 
test, specificity of the reaction is confirmed by showing that '''^G-serotonin release is inhibited by a high dose of heparin, 
40 e.g., 1 00 units per ml. 

[0010] Another disclosed method is an assay for heparin-induced IgG antibodies based on their reaction with immo- 
bilized complexes of heparin and platelet factor 4 (PF4) (see Amiral, et al., Thromb. Haemostasis 68:95-96, 1992). 
PF4 is a protein component of platelet alpha granules which is positively charged at neutral pH and is known to be 
capable of binding to and inhibiting the function of heparin. PF4 for use in the assay can be obtained by cleavage or 

45 lysis of nomnal platelets (see POT Applteation WO 96/02833, 1992). PF4 belongs to a family of cytokines called "in- 
tercrines" or "chemokines" involved in the mediation of certain immune reactions and other activities (see Masushima, 
ef a/., Cytokines 1:2-13, 1989). PF4 has high affinity for heparin (see Handin, et aL, J. Biol. Chem. 251:4273-4282, 
1976) and is able to neutralise the anticoagulant properties of heparin (see Lane, et al., Biochem. J. 218:725-732, 
1984, Machalski, etal., Br. J. Haematol. 38:561, 1978). 

50 [001 1 ] The heparinyPF4 assay described by Amiral (supra) is more convenient than the platelet aggregation test and 
the serotonin release test, which depend on activation of fresh platelets. However, discrepancies were observed when 
comparing results obtained with the heparin/PF4 assay with those obtained in a platelet aggregation test (see Grein- 
acher, etal., Transfusion 34:381-385, 1994). 

[0012] The assays and detection methods described above all relate to the fomnation and detection of heparin/PF4 
55 or glycosamlnoglycan/PF4 complexes by heparin-induced antibodies. Needed in the art is a method of detecting an- 
tibodies generated in a HITP Immune response by use of a complex that does not contain heparin or other gly- 
cosaminoglycans. 
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BRIEF SUMMARY OF THE INVENTION 

[0013] The present invention provides a method of detecting heparin-induced antibodies to complete a diagnosis of 
HITP, comprising: 

5 

(a) binding human platelet factor 4 to a linear, non-glycosaminoglycan polymer having a backbone and carrying 
negative charges distributed along the polymer chain wherein the negative charge carried by the polymer is less 
than 1 nm (10 A) from the polymer chain backbone, whereby a complex having an epitope recognisable by anti- 
bodies generated in an HITP immune response is formed; 
10 (b) contacting blood plasma or serum from a human patient suspected of having HITP with the complex; and 

(c) analysing the complex to determine if HITP-related antibodies are present. 

[0014] The present invention further provides a method of detecting heparin-induced antibodies to complete a diag- 
nosis of HITP, comprising: 

15 

(a) binding human platelet factor 4 to a linear, non-glycosaminoglycan polymer carrying strong negative charges 
along the polymer chain, whereby a complex having an epitope recognisable by antibodies generated In an HITP 
immune response is fomied; 

(b) contacting blood plasma or serum from a human patient suspected of having HITP with the complex; and 
20 (c) analysing the complex to determine if HITP-related antibodies are present. 

[0015] The present invention provides a method for detecting heparin-induced antibodies to complete a diagnosis 
of HITP. The method begins by attaching a complex comprising a linear, negatively charged, non-glycosaminoglycan 
polymer and PF4, preferably a polyvinyl sulfate/PF4 complex, covalently or by passive adsorption to a solid support. 

25 In one embodiment, the negative charge carried by the polymer is less than 1 nm (10 A) preferably less than 0.6 nm 
(6 A) from the polymer chain. In another embodiment, the negative charge is a strong negative charge at neutral pH. 
[0016] Blood plasma or serum from a patient suspected of having HITP is then exposed to the complex, and the 
complex is then analysed to detemnine whether HITP-related antibodies have become associated with it. Preferably, 
the blood plasma or serum is from a human patient. 

30 [0017] In a preferable form of the present invention the polymer is not a carbohydrate. 

[0018] In another form of the present invention, the spacing of negative charges on the polymer is less than 1 nm, 
preferably less than 0,6 nm. Most preferably, the average distance between negative charges is 0,4 nm ± 0,1 . 
[0019] In another preferable form of the present invention, the polymer has a molecular weight between 2000 and 
6000 daltons. In a most preferred form of the present invention, the median molecular weight of the polymer is 5000 

35 Daltons. 

[0020] In another preferable embodiment, the polymer comprises at least 1 0 subunits, preferably between 15 and 
50 subunits, each bearing a negative charge. 

[0021] In one preferable embodiment of the method, analyzing the complex consists of measuring the quantity of a 
detectable label and then measuring the product of the enzymatic reaction. The method further consists of contacting 
40 the complex attached to the solid support with an immunological component that binds to human antibody. The immu- 
nological component is attached to the detectable label. 

[0022] In a preferred embodiment, the detectable label is alkaline phosphatase and the quantity of label is measured 
by adding a substrate to react with the label. Preferably, the substrate used Is p-nitrophenyl phosphate (PNPP). 
[0023] The platelet factor 4 (PF4) is preferably selected from the group consisting of native PF4, recombinant PF4, 
45 and PF4 created through chemical protein synthesis techniques. We refer to PF4 created via chemical protein synthesis 
techniques as "synthetic" PF4. 

[0024] Preferably, the PF4 is human PF4 or synthetic peptides containing amino acids found in human PF4 which 
fonm epitopes recognized by HITP antibodies when complexed with polyvinyl sulfate for the present invention. In a 
prefen^ed embodiment, PF4 is obtained by pooling platelets from normal whole human blood and releasing PF4 by 
so adding thrombi n-receptor activating peptide (TRAP) TK. Vu. et a!., A/afure 353:674-677, 1991 and then purifying the 
released PF4 to homogeneity (Visentin, etaf., supra, 1994). 

[0025] A kit for diagnosing HITP is provided. This kit comprises a solid support preferably prepared by attaching the 
polymer/PF4 complex covalently or passively to the solid support or attaching polyvinyl sulfate to the solid support and 
then linking PF4 to the polymer to fonm a complex having an epitope recognizable by antibodies generated in an HITP 
ss immune response. The kit typically includes a receptacle containing a chemical label for detecting an amount of antibody 
present as well as a receptacle containing a substrate of the chemical label which reacts with the chemk^al label to 
produce a measurable signal. Instructions for use are typically included. 

[0026] Preferably, the chemical label in the kit comprises a component selected from the group consisting of an anti- 
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human IgG/enzyme complex, an anti-human IgM/enzyme complex or an anti-human IgA/enzyme complex or a poly- 
valent probe that recognizes all three immunoglobulins (IgG, IgM, IgA). Preferably, a stabilizing agent is added to the 
solid support to preserve the ability of the complex to bind with antibody over a period of time and to lower non-specific 
binding of immunoglobulins to the solid support, thus reducing baclcground. 

5 [0027] It is an advantage of the present invention that an HITP assay may be performed with polyvinyl sulfate/PF4 
complexes or complexes comprising PF4 and any one of many linear, negatively charged, non-glycosaminogtycan 
polymers preferably with a series of negative charges carried by the polymer and located at a distance less than 1 nm, 
preferably less than 6 A. from the polymer chain backbone and most preferably with the polymer carrying a series of 
strong negative charges spaced 0,4 ±0,1 nm apart. 

10 [0028] It is another advantage of the present invention that complexes may be formed over at least a 10.C00-fold 
range of polymer concentration when using low molecular weight polyvinyl sulfate (median M W about 5, 000, preferable 
range about 2, 000-6, 000), keeping the concentration of PF4 constant. This advantage is in sharp contrast to the limited 
range of heparin/PF4 complexes that are suitable for HITP antibody detection. For example, Visentin, et at., supra, 
1994 showed that with heparin at a concentration of 0.3 units per ml, good antibody binding was observed with PF4 

'5 at 10 ng/ml. However, the binding was completely lost when PF4 was increased 2.5-fold to 25 |ig/ml and was greatly 
diminished when PF4 concentration was reduced by 50% to 5 ng/ml. With certain batches of heparin, the ratio of 
heparin to PF4 used to make complexes that are suitable for antibody detection was even more restricted. 
[0029] In contrast, Example 3, below, shows that when using PF4 at a concentration of 1 0 ^g/ml, the polyvinyl sulfate 
concentration can be varied from 7.5 ^g/ml to 1500 ^g/ml without affecting the ability of the resulting polyvinyl sulfate/ 

20 heparin complexes to bind to HITP antibody. Even with a 10,000-fold range In concentration (polyvinyl sulfate 0.15 to 
1500 M.g/ml) positive reactions were obtained, although the OD values were lower at the extreme polyvinyl sulfate 
concentrations. It is apparent that the ratio of the two reactants is much less critical than with heparin. 
[0030] It is another advantage of the present invention that the repeating subunits are identical to one another, thus 
assuring regular spacing of the anionic side chain. In contrast, heparin consists of several types of repeated disaccha- 

25 rides which can be variously substituted by sulfate and acetyl amine. 

[0031] It is another advantage of the present invention that an HITP assay may be performed with a compound that 
is less costly than heparin. For example, polyvinyl sulfate is a synthetic compound that can be readily produced in 
industrial quantities. In contrast, heparin Is a phannaceutical that must be isolated from porcine intestinal mucosa or 
beef lung in a costly and complex purification process. 

30 [0032] It is another advantage of the present invention that an HITP assay is provided wherein the complexes are 
not sensitive to the action of enzymes, such as heparinases, that inactivate heparin preparations. Additionally, heparin 
tends to degrade spontaneously when it is stored in liquid state for more than 1 or 2 years. Polyvinyl sulfate, in contrast, 
is resistant to heparinases and stable indefinitely. 

[0033] It is another advantage of the present invention that complexes, such as polyvinyl sulfate (PVS):PF4 com- 
35 plexes, are less susceptible to disruption by added heparin than heparin:PF4 complexes. Thus, residual heparin in 
test serum is less likely to obscure a positive reaction. 

[0034] It is yet another advantage of the present invention that each stage of the testing can be as short as 30 min utes 
because incubations can be carried out at 37*'C. In contrast, heparin/PF4 complexes are unstable at 37*^0 and must 
be incubated at room temperature for one to two hours to obtain satisfactory reactions. 
40 [0035] Other objects, features and advantages of the present invention will become apparent from the following 
detailed description and examples. The specific examples, while indicating preferred embodiments of the invention, 
are given by way of illustration only, since various changes and modifications within the spirit and scope of the invention 
will become apparent to those skilled in the art. 

45 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

[0036] Figs. 1 A - C is a diagram of polymer attachment to PF4. Fig. 1A schematically depicts the typical anionic 
polymer and its interaction with the positively charged PF4 molecule. Fig. 1 B depicts immobilization of polyanion-PF4 
complexes directly on a polystyrene microtiter plate, and Fig. 1C depicts immobilization of poiyanion/PF4 complexes 
50 using an immobilized monoclonal antibody specific for PF4. 

[0037] Fig. 2 is a bar graph comparing optical density measurements taken after a patient sample (dark bar) and a 
nonmal serum sample (open bar) were added to immobilized polyvinyl sulfate/PF4 complexes prepared by mixing PF4 
(10 ^g/ml) with different amounts of polyvinyl sulfate. 

[0038] Fig. 3 is a bar graph comparing optical density obtained from 12 different patient samples, a nonmal control 
55 (NC) and a positive control (PC) exposed to an immobilized polyvinyl sulfate/PF4 complex. 

[0039] Fig. 4 is a bar graph comparing optical density obtained from positive (dark bar) and negative (open bar) 
patient samples exposed to immobilized polyvinyl sulfonate/PF4 complexes prepared by mixing PF4 (1 0 p.g/ml) with 
different amounts of polyvinyl sulfonate. 
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[0040] Fig. 5 is a bar graph comparing optical density obtained from 9 different patient samples (dark bars), a positive 
control (shaded bar) and a normal control (open bar) sample exposed to an immobilized polyvinyl sulfonate/PF4 com- 
plexes. 

[0041 J Fig. 6 is a bar graph comparing optical density obtained after a patient sample (dark bars) and a normal serum 
5 sample (open bars) were added to immobilized polystyrene sulfonate/PF4 complexes prepared by mixing PF4 (1 0 jig/ 
ml) with different amounts of polystyrene sulfonate. 

[0042] Fig. 7 is a bar graph comparing optical density obtained after a patient sample (dark bars) and a normal 
sample (open bars) were added to immobilized poiyanetholesulfonic acid/PF4 complexes prepared by mixing PF4 (1 0 
p.g/ml) with different amounts of polyanetholsulfonate. 
10 [0043] Fig. 8 is a bar graph comparing optical density obtained after a patient sample (dark bars) and a nonmat 
sample (open bars) were added to immobilized poty(vinylphosphoric acid)/PF4 complex prepared by mixing PF4 (10 
ixg/ml) with different amounts of poly(vinylphosphoric acid) (PVP). 

[0044] Fig. 9 is a bar graph comparing optica! density obtained from both positive (dark bars) and negative (open 
bars) patient samples exposed to different amounts of immobilized poly(vinyl phosphonic acid)/PF4 (10 ftg/ml) com- 
is plexes. 

[0045] Fig. 10 is a bar graph comparing optical density obtained after a patient sample (dark bars) and a normal 
sample (open bars) were added to immobilized poly-D-glutamlc acid/PF4 complex prepared by mixing PF4 (1 0 (xgAnI) 
with different amounts of poly-D-glutamic acid. 

[0046] Fig. 11 is a bar graph comparing optical density obtained after a patient sample (dark bars) and a normal 
20 sample (open bars) were added to immobilized polyethylene glycol/PF4 complexes prepared by mixing PF4 (10 (ig/ 
ml) with different amounts of polyethylene glycol. 

DETAILED DESCRIPTION OF THE INVENTION 

25 A. In General 

[0047] The present invention relates to our discovery that platelet-activating, heparin-induced antibodies specifically 
recognize PF4/polymer complexes. The polymers of the present Invention are preferably linear, strongly negatively 
charged non-glycosaminogtycan molecules that carry the negative charge within 0,6 nm from the polymer chain back- 
30 bone. In the present invention, the complexes are preferably immobilized on a solid support, such as a microtiter plate 
well, and detected, preferably using colorimetric techniques. Thus, the present invention provides a way of assaying 
a patient's blood plasma or serum sample for the presence of antibodies developed by patients treated with heparin 
that avoids disadvantages of the prior art, heparin-containing systems. 

[0048] The present Invention provides a new approach for detection of HITP antibodies which typically involves: 1) 
35 incubation of a negatively charged polymer, such as polyvinyl sulfate, with PF4 to form polymer/PF4 complexes, 2) 
the attachment of synthetic polymer/PF4 complexes to the surface of a solid support by covalent linkage, passive 
adsorption, or binding to a monoclonal antibody specific for PF4, 3) preferably, the addition of a stabilizing agent, 4) 
addition of serum or plasma from a patient with HITP-generated antibody, and 5) detection of antibody bound to the 
target synthetic polymer complexes with a suitable antibody-specific probe. 

40 

B. Attachment of the polymer/PF4 complex to a solid support 

[0049] The description below will describe the attachment process with reference to low molecular weight polyvinyl 
sulfate (2,000-6,000, median 5,000). We envision that other polymers, especially the polyanions presented below in 
45 the Examples, would be equally suitable. However, polyvinyl sulfate or polyvinyl sulfonic acid are referenced for sim- 
plicity and clarity. 

1 . Attachment Process 

50 [0050] A prerequisite for detection of HITP antibodies by the method of the present invention is the availability of 
target complexes consisting of human PF4 complexed with polyvinyl sulfate. Polyvinyl sulfate/PF4 complexes or pol- 
yvinyl sulfonic acid/PF4 complexes can be immobilized on a solid surface by several different methods. One advantage 
of the present method is that the concentration of polyvinyl sulfate or polyvinyl sulfonic acid relative to PF4 may vary 
up to 10,000-fold and still achieve a polymer/PF4 complex that reacts with antibody. This finding is in contrast to the 

55 use of heparin/PF4 complexes in an HITP assay. VIsentin, etaL (J. Clin. Invest 93:81-88, 1994) demonstrated that 
using fresh commercial heparin preparations, only heparin/PF4 complexes fomned at a certain critk:al ratio of the re- 
actants are capable of binding HITP antibodies efficiently. At a fixed concentration of PF4, no more than a 1 0-fold range 
of heparin concentration can be tolerated without marked decrease in antibody binding efficiency. IS^oreover, the optimal 
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ratio of heparin to PF4 for formation of complexes that bind antibody is not the same for different lots of heparin (Visentin. 
et ai., J din invest 93:81 -88. 1 994). 

[0051] The preferred method of creating a polyvinyl sutfate/PF4 complex is described below In Examples 3 and 4. 
In Example 3, concentrations of polyvinyl sulfate ranging from 0.15-1500 jig/ml were mixed with 10 ng/ml of PF4 in 

5 PBS (phosphate buffered saline, pH 7.2). The experiment described in Example 3 showed that this entire range of 
polyvinyl sulfate concentration was suitable. Concentrations of between 7.5 \ig/m\ and 750 jig/ml of polyvinyl sulfate 
per 10 ^g/ml PF4 were especially preferred. Fifty microliters aliquots of polyvinyl sulfate/PF4 complex are then added 
to polystyrene microtiter plates and incubated overnight (typically at 4-16 hours at 4-8'*C). The microtiter plates are 
then typically washed 3X with PBS-0.05% Tween 20 (Tw) and blocked for 1 hour at room temperature with PBS-Tw- 

10 1% bovine serum albumin. 

[0052] Fifty microliters of plasma diluted 1 :50 or 1 :100 in PBS are typically added to wells of microliter plate to be 
tested. 

[0053] Fig. 1 A depicts a typical anionic polymer, consisting in this case of 16 subunits totalling about 7 nm in length 
that binds to a ring of positive charges on PF4 (J.A. Stuckey et al., Proteins 14:277-87, 1992), causing distortion of 
IS the PF4 molecule and creating "neoepitopes" on PF4 for which HITP antibodies are specific (G.P. Visentin et a!., 
Proceedings XVI^ Congress Int. Soc. on Thrombosis and Haemostasts, in press). This figure is intended for illustration 
onty-the exact regions on PF4 to which the anionic polymer binds and the details of the resulting structural changes 
in PF4 are not yet fully defined. 

[0054] Approaches for attaching polyanion/PF4 complexes to solid supports are shown schematically in Fig. 1 B and 
20 c. Fig. IB describes immobilization of polyanion-PF4 complexes directly on a polystyrene microtiter plate. Fig. 1C 
describes immobilization of polyanion-PF4 complexes using an immobilized monoclonal antibody specific for PF4. To 
avoid competition with the human antibodies to be detected, the monoclonal antibody must bind to a region of PF4 
known not to be recognized by the human antibodies. 

[0055] To practice the method of the present invention, one would preferably attach a polyvinyl sulfate/PF4 complex 
25 to a solid support, such as a microtiter plate well or bead. Suitable polymers other than polyvinyl sulfate are discussed 
below. 

[0056] The solid support must be capable of binding the polyvinyl sulfate/PF4 complex. Examples of such solid 
supports include plates or cups made of hydrocariaon polymers such as polystyrene, polyethylene and polybutylene. 

30 2. Suitable polymer molecules. 

[0057] A suitable polymer for the present invention is linear and is not a glycosaminogtycan. The polymer carries 
multiple negative charges distributed along its length, preferably at every subunit. The polymer is not a carbohydrate 
and is synthetic. 

35 [0058] A polymer of equal length, such as polyethylene glycol, that does not canry negative charges is not a suitable 
polymer for the present invention (Fig. 11). 

[0059] In one embodiment of the present invention, a suitable polymer for the present invention carries the negative 
charge within 6 A from the polymer backbone. Thus, a negatively charged polymer such as poly-D-glutamic acid, in 
which the negative charge is attached to the polymer backbone by a spacer molecule, is not a suitable negatively 

40 charged polymer of the present Invention. 

[0060] A polymer containing a strong negative charge Is preferable for the present invention. By "strong" negative 
charge, we mean the charge at neutral pH comparable to that of a polymer substituted with multiple sulfate, sulfonate, 
phosphate or phosphonate groups. An example of a polymer that does not contain a strong negative charge is poly- 
D-glutamic acid, which carries its charge on a carboxyl group. 

45 [0061] The fractionated size of the polymer is also significant in terms of the success of the present invention. We 
have found that a polymer size of 2-8,000 daltons is preferred for the present invention. Larger polymers can be used 
but are less suitable because complexes of polymer/PF4 that bind HITP antibodies effectively are formed over a more 
limited range of polymer concentration. 

[0062] A polymer of greater than 10 subunits, preferably between 20 and 60 subunits, is preferable. 
50 [0063] A polymer with regulariy spaced negative charges, preferably less than 1 nm apart and most preferably less 
than 0,6 nm apart, is preferred. However, we envision that the polymer need not always contain a regularly spaced 
negative charge and that polymers with substituted or removed negative charges in some locations would also be 
suitable for the present invention. 

[0064] In polyvinyl sulfate (PVS), the sulfate radicals are regularly spaced at intervals of 0,44 nm (if the chain is 
55 considered to be '^aut") or 0,36 nm (if three adjacent cariaon atoms assume an angle of about 109"* as is true of a 
hydrocarbon chain floating freely in solution). Therefore, a desirable polyanion for purposes of this invention Is a linear 
polymer carrying strong negative charges (e.g., phosphate or sulfate) along its length at intervals of approximately 0,4 
nm. Polymers containing more densely arranged negative charges might wortc (but would be hard to synthesize), and 
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polymers containing negative charges that are more than 4 nm apart probably will not work very well. 
[0065] We envision that polyvinyl sutfate/PF4 complexes are preferably attached to solid support according to the 
method of the present invention. By "polyvinyl sulfate" we mean a molecule of the formula -[CH2-CH-(OS03 K)-)^- 
wherein n preferably ranges from 20 to 60. (Salts of sodium and other cations would also be satisfactory.) In our 
5 Examples below, the polyvinyl sulfate had a molecular weight of approximately 5,000 D (or 40 subunits). 

[0066] We also envision that one would find other polymers, preferably synthetic sulfated and phosphorylated poly- 
anions, suitable for use in the present invention. Specifically, the Examples below demonstrate the efficacy of polyvinyl 
sulfonic acid, polystyrene sulfonate, polyanetholesulfonic acid, polyvinyl phosphoric acid, and polyvinylphosphontc 
acid. 

10 

C. Platelet Factor 4 

[0067] In its natural state, human platelet factor 4 is a tetramer with a molecular weight of approximately 32,000 
daltons (see Ryo, etal., Thromb. Res. 17:465-652, 1980; Zucker, etsJ., Proc, Soc. Exp. Blot. Med. 198:693-702, 1991, 
IS for a full description of PF4). The PF4 used in the method may be PF4 derived from human platelets, recombinant 
human PF4 or human PF4 manufactured by standard peptide synthesis. SEQ ID NO:1 is the amino acid sequence of 
human PF4 (from Poncz, etaf., S/ood 69:21 9-223, 1987. 

[0068] The PF4 derived from platelets is typically obtained by pooling platelets from whole blood donors in a sus- 
pension and releasing PF4 by adding thrombin-receptor activating peptide (TRAP 11). (T.K.H. Vu, et aL, Cell 64: 
20 1057-1068, 1991; TK.H, Vu, et at., Nature 353:674-677. 1991.) This method causes the release of platelet alpha 
granule constituents, including PF4, without release of other proteins, providing a significant purification of PF4 in only 
one step. This procedure is described in detail in Example 2. 

[0069] In place of whole PF4, a peptide fragment or fragments having amino acid sequences found in human PF4 
may be substituted. Furthennore, a peptide capable of binding to a gtycosaminoglycan (GAG) such as heparin to form 
25 an epitope recognized by antibodies generated in an HITP Immune response may be substituted for PF4 in the methods 
described. 

[0070] To detennine whether a candidate PF4 fragment or a peptide is suitable for the present invention, one would 
perfonm a comparison between the candidate peptide and native PF4. An efficacy of binding HITP-generated antibodies 
of at least 50% that of native PF4 would indicate that the fragment was suitable for the present invention. 

30 

D. Patient Samples 

[0071 ] Blood plasma or senjm ts obtained from a patient suspected of having HITP. Preferably, small amounts, such 
as 0.2 ml, are needed for a test reaction. 
35 [0072] It is an advantage of the method of the present invention that either serum or plasma can be used as the 
source of HITP antibody without concern for its PF4 and heparin content. In the method of the present invention, 
polyvinyl sulfate molecules (or other potyanions) are complexed to platelet factor 4 to provide targets for HITP antibody 
detection. 

[0073] Small amounts of residual heparin present In serum or plasma to be tested for HITP antibodies can interfere 
^0 with antibody detection by coating exposed regions of PF4 to block antibody binding sites. Because samples for testing 
are often obtained from patients who recently received heparin, it is not uncommon for residual heparin to be present. 
When patient samples are used at high concentrations (1:10 dilution) it is preferable that this residual heparin be 
removed by absorption with Ecteola cellulose or a similar agent to achieve maximum sensitivity for antibody detection. 
The blood plasma may be absorbed with Ecteola cellulose (epichlorohydrin triethanolamine cellulose) to remove traces 
45 of residual heparin (A.R. Thompson, etal,, J. Lab. Clin. Med. 88:922-929, 1976, G.P. Visentin, etaL, 1994. supra). 
[0074] The sample is preferably diluted to a ratio of 1 :50 - 1 :100 VA/ or more before being added to each of the 
microtiter plate wells. The plates are typically incubated at 37** for 30 minutes or room temperature for 1-2 hours and 
then washed with PBS containing .05% TWEEN 20 (PBS-Tw) to remove unbound antibody. 

50 E. Quantitative Determination 

[0075] Quantitative determination is obtained by contacting the coated solid support with a labeled material, prefer- 
ably one that reacts specifically with human immunoglobulin. The labeled material used in the immunoassay may be 
any conventional enzyme covalentty linked to an immunological component known to the art. Enzymes suitable for 
55 use with the present invention include catalase, peroxidase, urease, glucose oxidase and alkaline phosphatase. 

[0076] The substrate selected to react with the enzyme can be acted upon by an enzyme to produce a reaction 
product. Where alkaline phosphatase is the enzyme, a preferred substrate is PNPP (P-nitrophenyl phosphate). The 
reaction product generated by the action of alkaline phosphatase on PNPP is p-nitrophenol. a yellow substrate that 
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can be measured spectrophotometrically at 405 nM. (S.L. Snyder, etat,, Biochem, Biophys, Acta 258:178-187, 1972). 
Other substrates suitable for use with alkaline phosphatase include 4-methyl unnbelllferyl phosphate, alpha-naphthyl 
phosphate, f1avone-3-dlphosphate and thymolphthalein. 

[0077] The amount of substrate reaction product and the intensity of color produced will be direct functions of the 
5 amount of enzyme conjugate bound to the support plate. Therefore, a measure of substrate reaction product is a 
measure of the heparin-induced antibody which has been bound to the solid support. The measure is detemntned by 
obtaining an optical density (OD) of the reaction product formed on the solid support. The OD of an unknown plasma 
or serum is contrasted with a control OD determination of a known normal plasma or serum as part of the described 
assay. If the OD readings are substantially the same, the suspect plasma/serum will not contain antibody to the complex. 
10 However, if the suspect plasma/serum OD reading is at least 3 SD greater than the average obtained with normal 
serum, the plasma/serum donor has HITP or is at risk of developing it. 

[0078] Preferable controls include using PF4 atone to check for reactivity against PF4 alone seen occasionally in 
norma! subjects and use of excess heparin to inhibit a specific positive reaction. 

[0079] Other methods are suitable for the detection of HITP antibodies bound to synthetic poIymer/PF4 complexes. 
IS In one method, red blood cells (or other particles) are coated with polyclonal or monoclonal antibodies specific for 
human IgG, IgM, or IgA (Y. Shibata, et ai, Vox Sang 41 :25-31 , 1981). Adhesion of these red cells to complexes con- 
sisting of HITP antibody bound to immobilized synthetic polymer/PF4 complexes is then utilized to indicate the presence 
of bound HIT? antibody. 

[0080] Altematively, latex particles or other particulate material can be coated with synthetic polymer/PF4 complexes 
20 using the method of the present invention, and HITP antibodies can be detected by their ability to promote agglutination 
of these coated particles, either directly or after addition of a secondary anti-tmmunoglobulin reagent. Beads coated 
with synthetk: polymer/PF4 may be used to detect HITP antibodies in a flow cytometric assay. 

F. Diagnostic Kit 

25 

[0081 ] Diagnostic applications may be implemented according to the present invention in the fonm of a kit containing 
complexes which undergo a reaction with a sample of a patient's blood. The kit preferably includes a solid support, 
such as a microtlter tray, containing wells coated with the synthetic poiymer/PF4 complex by the method described 
above. 

30 [0082] The desiccated complexes can be stored for a long period of time, at least 6 months. The kit preferably 
includes a receptacle containing a chemical label, such as alkaline phosphatase-labeled, goat anti-human IgG (H + 
L), mouse anti-human IgG, IgA, and IgM and a receptacle containing a suitable substrate, such as p-nltrophenyl phos- 
phate. 

[0083] A receptacle containing Ecteola cellulose for removing residual heparin may also be included. 

35 

EXAMPLES 
In General 

40 [0084] The present invention is further described by reference to the following, illustrative examples. The contents 
of the publication by Visentin, et ah, J. Clin. Invest 93:81-88, 1994, are hereby incorporated by reference. (VIsentin, 
et al. does not embody the present invention and is cited herein to provide examples of platelet and PF4 isolation 
techniques.) The Examples utilize plasma samples from 12 patients who developed thrombocytopenia with or without 
thrombosis while receiving heparin therapy and whose plasma had tested positive in the serotonin release test for 

<s heparin-induced antibodies. 

[0085] Examples 1 and 2 describe the isolation of platelets and the purification of platelet factor 4. Examples 3 and 
4 demonstrate the efficacy of a polyvinyl sulfate/PF4 complex in the detection of HITP. Examples 5-12 disclose results 
with other compounds. 

50 Example 1 

Isolation of Platelets 

[0086] Platelets were isolated from freshly collected blood anticoagulated with acid citrate dextrose sufficient to pro- 
55 duce a pH of 6.4-7.2. with an optimum pH of 6.5, and were washed once in ROD buffer (Ringer's citrate dextrose 
containing 0.108 mol/liter fvlaCI 0.038 mol/liter KOI, 0.0017 mol/liter NaHCOa. 0.0212 mol/liter Na3C6H507-2H20, 
0.0278 mol/liter C6H^206. 0 011 mol/liter MgClgO-SHaO) at pH 6.5 (6,4-7.2) containing 50 ^ig/ml PGE^ (from Sigma 
Chemical Company, St. Louis, MO). 
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Example 2 
Purification of PF4 

5 [0087] PF4 was purified acx^ording to Medici, et ai, Thrvmbo. Res. 54:277-287, 1989, the contents of which are 
hereby Incorporated by reference, with minor modifications. 10 U of platelets (aged less than or equal to 1 day old) 
from randomly chosen whole blood donors was pooled. The platelet-rich plasma was pelleted at 1200 g, washed once 
In RCD buffer at a pH of 6.5 (6.4-7.3) containing EDTA, 0.002 M, and resuspended in PBS (buffer containing 0.02 W 
liter, pH 7.2 with 0.145 M/llter NaCI) containing 0.001 M CaCl2. and 0.0014 M PMSF (from Sigma Chemical Company, 

to St. Louis, MO) in dimethyl sulfoxide at a concentration of 10^^ platelets/ifnl in a total volume of 50 ml. 

[0088] PF4 release was induced with TRAP 11 (thrombin receptor activating peptide) (Peptide Core Lab, Blood 
Research Institute, Milwaukee, Wisconsin) at a final concentration of 5 fxM for 10-20 minutes at 37''C with occasional 
shaking. The activated platelets were then pelleted at 3000 g for 30 minutes at 4*'C (2-8''C). Ammonium sulfate was 
slowly added to the supernatant at 60% saturation and the mixture was incubated at 4**C (2-8'*C) overnight (4-16 hours), 

IS The precipitate was discarded and the final supematant was dialyzed against PBS at 4**C. The dialyzed supernatant 
(approximately 250 ml) was then incubated with 10 ml of packed heparin-Agarose beads for 4 hours at 4**C (2-8*'C) 
with gentle stirring. The beads were washed sequentially with three volumes each of 0.145 M PB-NaCI, 0.8 M PB-NaCl 
(to remove beta-thromboglobulin and thrombospondin) and resuspended in 10 ml of 1 .6 M PB-NaCI to release bound 
PF4. The final eluate was concentrated using Centriprep 10 (Amicon, Beverly, MA) to a 5-ml volume, dialyzed against 

20 PBS at 4*^6 and treated for 1 hour at 4^C (2-8"C) with an excess (70 mg) of ecteoia cellulose (from Sigma Chemical 
Corp., St. Louis, MO) equilibrated In PBS to remove residual antl-thrombln-lll. The supernatant was then centrifuged 
and was etectrophorised in a 15% SDS - polyacrylamide gel and stained with coomassie blue. A single band corre- 
sponding to the PF4 monomer of approximately 7.8 kD was identified. The purified PF4 was stored at 4*^0 in 0,001 4 
M PMSF and 0.05% sodium azide (from Sigma Chemical Company, St. Louis, MO). 

25 

Example 3 

[0089] In order to establish the optimum ratio of polyvinyl sulfate to PF4 suitable for the detection of heparin-induced 
antibodies, various concentrations of polyvinyl sulfate ranging from 0.15 to 1500 microgram per ml were mixed with 
30 1 0 ng/ml of PF4 In PBS. Fifty microliters of concentrations of polyvinyl suIfate/PF4 complexes were added to wells of 
a polystyrene microtiter plate (POLYSORP; NUNC, DENMARK) and incubated overnight at 4*^0 (2-8*'C). The microtiter 
plate was then washed three times with PBS-Tw (PBS with 0.05% Tween-20) and blocked for 1 hour at room temper- 
ature (20-25''C) with PBS-Tw-1% BSA (bovine serum albumin). 

[0090] One patient sample known to have a strong heparin-induced antibody was diluted 1 :500 in PBS, and one 

35 plasma sample from a nonmal donor was diluted 1 :100 in PBS. 

[0091] Fifty microliter aliquots of the diluted samples were added in duplicate to microtiter wells coated with various 
concentrations of polyvinyl sulfate/PF4 complexes and incubated for 1 hour at room temperature (20-25*'C). After three 
washes with PBS-Tw, bound IgG was detected by adding alkaline phosphatase labelled anti-human IgG diluted 1 :2000 
in PBS, followed by Incubation for 1 hour at room temperature. After four washes with PBS-Tw, the microtiter plate was 

40 incubated with P-nitrophenyl phosphate (PNPP) substrate for about 30 minutes at room temperature. The reaction 
was stopped by the addition of 3 M NaOH and absorbance was read at 405 nm using 650 nm for reference values. 
[0092] The results are diagrammed in Fig. 2, which indicates that polyvinyl sulfate can be complexed to PF4 at a 
wide range of concentrations which are capable of binding to heparin-induced antibodies. Optimally, 7.5 p.g/mt - 750.0 
p.g/ml of polyvinyl sulfate should be mixed with 10 p.g/ml PF4. Referring to Fig. 2, the shaded bars represent reactions 

45 of positive samples. Clear bars represent the reactions of normal samples. 

Example 4a 

[0093] Polyvinyl sulfate (Sigma Chemical Company, St. Louis, MO, USA) and PF4 were mixed In PBS at a ratio of 
so 7.5 (xg/ml polyvinyl sulfate to 10 ng/ml PF4. Fifty microliter aliquots of polyvinyl sulfate/PF4 complex were added of 
polystyrene microtiter plates (Polysorp; NUNC, DENMARK) and incubated overnight (4-16 hours) at 4°C (4-8°C). The 
microtiter plates were washed three times with PBS-Tw (PBS with 0.05% Tween-20) and blocked for 1 hour at room 
temperature (20-25°C) with PBS-Tw-1% BSA (bovine serum albumin). Plasma samples from 12 patients known to 
contain heparin-induced antibodies were tested in parallel with plasma sample obtained from a normal donor. 
55 [0094] Fifty microliters of plasma diluted 1 :1 00 in PBS were added to wells of the mbrotiter plate (each sample tested 
in duplicate). In addition, one plasma sample known to contain a strong heparin-induced antibody was diluted 1:500 
in PBS and used as positive control. The microtiter plate was incubated at room temperature (20-25°C) for 1 hour. 
After 3 washes with PBS-Tw, bound IgG. IgM or IgA was detected by adding alkaline phosphatase-labelled goat anti- 
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human IgG/lgA/IgM diluted 1 :2000 in PBS, followed by incubation for 1 hour ar room temperature. After 4 washes with 
PBS-Tw, the microtiter plate was incubated with P-nitrophenyl phosphate (PNPP) substrate for about 30 minutes at 
room temperature. The reaction was stopped by addition of 3 M NaOH and absorbance was read at 405 nm using 650 
nm for reference values. Reactions were considered positive when the mean optical density (OD) obtained for a sample 
5 was at least 3 SD greater than the average obtained with normal control serum. 

[0095] Fig. 3 illustrates the results. All twelve HITP patients and the positive control tested positive. The negative 
control tested negative. 

Example 4b 

Polyvinyl Sulfonic Acid 

[0096] Polyvinyl sulfonic acid, sodium salt, fomriula {C2H403S)n nNa, wherein n- 20 (Polysciences Inc., Warrington, 
PA, USA) was evaluated for the present invention. This product, lil^e polyvinyl sulfate (PVS), also binds to platelet factor 
IS 4 (PF4) to forni a complex at a wide range of concentrations, and has the added advantage of having a lower background 
signal. PVS/PF4 complexes are more stable than heparin (HEP)/PF4 complexes at higher temperatures, e.g. when 
ELISA test procedures are candied out at 37''C, PVS/PF4 complexes produce higher optical density readings than HEP/ 
PF4 complexes tested under the same conditions. This is presumably because HEP/PF4 complexes are unstable at 
37" C or higher temperatures. 

20 

Example 5 

[0097] In order to establish the optimum ratio of polyvinyl sulfonate (PVS) to PF4 suitable for the detection of heparin- 
induced antibodies, various concentrations of polyvinyl sulfonate (molecular weight 2000-6000) ranging from 1 .0 to 

25 800 microgram per ml were mixed with 10 ng/ml of PF4 in PBS. Fifty microliter aliquots of the mixtures containing 
polyvinyl sulfonic/PF4 complexes were added to wells of a microtiter plate (POLYSORP; NUNC, DENMARK) and 
incubated overnight at 4°C (2-8''C). The microtiter plate was then washed three times with PBS-Tw (PBS with 0.05% 
Tween-20) and blocked for 1 hour at room temperature (20-25"C) with PBS-Tw-1% BSA (bovine serum albumin). 
[0098] One patient sample known to have a strong heparin-induced antibody was diluted 1 :500 in PBS, and one 

30 plasma sample from a normal donor was diluted 1 :10Q In PBS. Fifty microliter aliquots of the diluted samples were 
added in duplicate to microtiter wells coated with various concentrations of polyvinyl su!fonate/PF4 complexes and 
incubated for 1 hour at room temperature (20-25''C). After three washes with PBS-Tw, bound IgG was detected by 
adding alkaline phosphatase labelled anti-human IgG diluted 1 :2000 in PBS, followed by Incubation for 1 hour at room 
temperature. After four washes with PBS-Tw. the microtiter plate was incubated with P-nltrophenyl phosphate (PNPP) 

35 substrate for about 30 minutes at room temperature. The reaction was stopped by the addition of 3 M NaOH and 
absorbance was read at 405 nm using 650 nm for reference values. 

[0099] The results are diagrammed In Fig. 4, which indicates that polyvinyl sulfonate of molecular weight of 2000-6000 
can be complexed to PF4 at a range of concentrations which are capable of binding to heparin-induced antibodies. 
Optimally, 2.0 jag/ml - 10.0 ^ig/ml of polyvinyl sulfonic acid should be mixed with 10 p.g/ml PF4. 
40 [01 00] Referring to Fig. 4, the shaded bars represent reactions of positive samples. Clear bars represent reactions 
of nomnal samples. 

Example 6 

^5 [0101] Polyvinyl sulfonic acid, sodium salt, formula (C2H403S)n.nNa where n— 20 (Polysciences, Inc., Warrington, 
PA. USA) and PF4 were mixed in PBS at a ratio of 5 ng/ml polyvinyl sulfonic acid to 10 \ig/m\ PF4. Fifty microliter 
aliquots of polyvinyl sulfonic acid/PF4 complex were added of polystyrene microtiter plates (Polysorp; NUNC, DEN- 
MARK) and incubated overnight (4-16 hours) at 4*»C (4-8'*C). The microtiter plates were washed three times with 
PBS-Tw (PBS with 0.05% Tween-20) and blocked for 1 hour at room temperature (20-25°C) with PBS-Tw-1% BSA 

50 (bovine serum albumin). Plasma samples from 9 patients known to contain heparin-induced antibodies were tested in 
parallel with plasma sample obtained from a nomial donor. 

[01 02] Fifty microliters of plasma diluted 1 :50 in PBS were added to wells of the microtiter plate (each sample tested 
in duplicate). In addition, one plasma sample known to contain a strong heparin-induced antibody was diluted 1 :500 
in PBS and used as positive control. The microtiter plate was incubated at 37*'c for 30 minutes. After 4 washes with 
55 PBS-Tw, bound IgG. IgM or IgA was detected by adding alkaline phosphatase-labelled goat anti-human IgG/lgA/IgM 
diluted 1 :2000 in PBS, followed by Incubation for 30 minutes at 37*C. After 4 washes with PBS-Tw, the microtiter plate 
was incubated with P-nitrophenyl phosphate (PNPP) substrate for about 30 minutes at room temperature. The reaction 
was stopped by addition of 3 M NaOH and absorbance was read at 405 nm using 650 nm for reference values. Reactions 
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were considered positive when the mean optical density (OD) obtained for a sample was at least 3 SD greater than 
the average obtained with nonnal control serum. 

[01 03] Fig. 5 illustrates the results. All nine HITP patients and the positive control tested positive. The negative control 
tested negative. Refem'ng to Fig. 5, the shaded bars represent reactions of positive samples. Clear bars represent 
5 reactions of normal samples. 

Example 7 

Polystyrene Sulfonate 

10 

[01 04] Poty(sodium 4-styrene sulfonate) [-CH2CH(CgH4S03Na)-],^, average molecular weight 70.000. was obtained 
from Aldrich. Milwaukee. Wl USA. 

[0105] In order to establish the optimum ratio of poty(sodium 4-styrene sulfonate) to PF4 suitable for the detection 
of heparin-induced antibodies, various concentrations of polystyrene sulfonate ranging from 0.07 to 700 microgram 
IS per ml were mixed with 1 0 ng/ml of PF4 in PBS and allowed to stand at room temperature for 30 minutes. Fifty microliters 
of concentrations of polystyrene sulfonate/PF4 complexes were added to wells of a microtiter plate (POLYSORP; 
NUNC, DENMARK) and incubated overnight at 4*»C (2-8'C). The microtiter plate was then washed three times with 
PBS-Tw (PBS with 0,05% Tween-20) and blocked for 1 hour at room temperature (20-25**C) with PBS-Tw-1% BSA 
(bovine serum albumin). 

20 [0106] One patient sample known to have a strong heparin-induced antibody was diluted 1:500 in PBS, and one 
plasma sample from a normal donor was diluted 1:100 in PBS. Fifty microliter allquots of the diluted samples were 
added in duplicate to microtiter wells coated with various concentrations of polystyrene sulfonate/PF4 complexes and 
incubated for 1 hour at room temperature (20-25° C). After three washes with PBS-Tw, bound IgG was detected by 
adding alkaline phosphatase labelled anti-human IgG diluted 1 :2000 in PBS, followed by incubation for 1 hour at room 

25 temperature. After four washes with PBS-Tw, the microtiter plate was incubated with P-nitrophenyl phosphate (PNPP) 
substrate for about 30 minutes at room temperature. The reaction was stopped by the addition of 3 M NaOH and 
absorbance was read at 405 nm using 650 nm for reference values. 

[0107] The results are diagrammed in Fig. 6, which indicate that polystyrene sulfonate can also be complexed to 
PF4 at a wide range of concentrations which are capable of binding to heparin-induced antibodies. Optimally, 7.0 ^g/ 
30 ml • 700.0 M.g/ml of polystyrene sulfonate should be mixed with 10 \ig/m\ PF4. Referring to Fig. 6, the shaded bars 
represent reactions of positive samples. Clear bars represent reactions of normal samples. 

Example 8 

35 Polyanetholesulfonic Acid 

[0108] Polyanetholesulfonic acid sodium salt (sodium polyanetholesutfonate) was obtained from Sigma Chemical 
Company, St. Louis. MO. 

[01 09] In order to establish the optimum ratio of sodium (polyanetholesulfonic acid) to PF4 suitable for the detection 
40 of heparin-induced antibodies, various concentrations of polyanetholesulfonic acid ranging from 0.15 to 1500 micro- 
gram per ml were mixed with 10 ng/ml of PF4 in PBS. Fifty microliters of concentrations of sodium polyanethole sul- 
fonate/PF4 complexes were added to wells of a microtiter plate (POLYSORP; NUNC, DENMARK) and incubated over- 
night at 4°C (2-8°C). The microtiter plate was then washed three times with PBS-Tw (PBS with 0.05% Tween-20) and 
blocked for 1 hour at room temperature (20-25*'C) with PBS-Tw-1% BSA (bovine serum albumin). 
'^5 [0110] One patient sample known to have a strong heparin-induced antibody was diluted 1:500 in PBS. and one 
plasma sample from a normal donor was diluted 1:100 in PBS. Fifty microliter aliquots of the diluted samples were 
added in duplicate to microtiter wells coated with various concentrations of sodium polyanethole sulfonate/PF4 com- 
plexes and incubated for 1 hour at room temperature (20-25*'C). After three washes with PBS-Tw, bound IgG was 
detected by adding alkaline phosphatase labelled anti-human IgG diluted 1 :2000 in PBS, followed by Incubation for 1 
50 hour at room temperature. After four washes with PBS-Tw, the microtiter plate was incubated with P-nitrophenyl phos- 
phate (PNPP) substrate for about 30 minutes at room temperature. The reaction was stopped by the addition of 3 M 
NaOH and absorbance was read at 405 nm using 650 nm for reference values. 

[0111] The results are diagrammed in Fig. 7, which indicates that polyanethole sulfonic acid can be complexed to 
PF4 at a range of concentrations between 75-150 p.g/ml which are capable of binding to heparin-induced antibodies. 
55 Optimally, 50 \ig/m\ - 150 ^g/ml of polyanethole sulfonic acid should be mixed with 10 jig/ml PF4. Refen^ing to Fig. 7, 
shaded bars represent reactions of positive samples. Clear bars represent reactions of normal samples. 



12 



EP 0 888 542 B1 

Example 9 
Polyvinyl Phosphate 

5 [0112] Polyvinyl phosphoric acid sodium salt was obtained from Polysciences Inc., Warrington, PA, USA. In order 
to establish the optimum ratio of polyvinyl phosphate to PF4 suitable for the detection of heparin-induced antibodies, 
various concentrations of polyvinyl phosphate ranging from 1 - 800 microgram per ml were mixed with 1 0 (ig/mt of PF4 
In PBS. Fifty microliters of concentrations of polyvinyl phosphate/PF4 complexes were added to wells of a microtiter 
plate (POLYSORP; NUNC, DENMARK) and Incubated overnight at ^"0 {2-S'*C). The microtiter plate was then washed 

10 three times with PBS-Tw (PBS with 0.05% Tween-20) and blocked for 1 hour at room temperature (20-25°C) with 
PBS-Tw-1% BSA (bovine serum albumin). 

[0113] One patient sample known to have a strong heparin-induced antibody was diluted 1:500 in PBS, and one 
plasma sample from a normal donor was diluted 1:100 in PBS. Fifty microliter aliquots of the diluted samples were 
added in duplicate to microtiter wells coated with various concentrations of polyvinyl phosphate/PF4 complexes and 

IS incubated for 1 hour at room temperature (20-25® C). After three washes with PBS-Tw, bound IgG was detected by 
adding alkaline phosphatase labelled anti-human IgG diluted 1 :2000 in PBS, followed by incubation for 1 hour at room 
temperature. After four washes with PBS-Tw, the microtiter plate was incubated with P-nitrophenyl phosphate (PNPP) 
substrate for about 30 minutes at room temperature. The reaction was stopped by the addition of 3 M NaOI-1 and 
absorbance was read at 405 nm using 650 nm for reference values. 

20 [0114] The results are diagrammed in Fig. 8, which indicates that polyvinyl phosphate can be incubated with PF4 at 
a wide range of concentrations to produce complexes that are capable of binding to heparin-induced antibodies. Op- 
timally, 4 p.g/ml - 400 ^.g/ml of polyvinyl phosphate should be mixed with 10 p,g/ml PF4. Referring to Fig. 8, shaded 
bars represent reactions of positive samples. Clear bars represent reactions of normal samples. 

25 Example 1 0 

Polyvinylphosphonic Acid 

[0115] Poly(vinylphosphonic acid) was obtained from Polysciences Inc., Warrington, PA, USA. 

30 [0116] In order to establish the optimum ratio of poly(vinylphosphontc acid) to PF4 suitable for the detection of 
heparin-induced antibodies, various concentrations of poly(vinyl phosphonic acid) ranging from 1 to 800 microgram 
per ml were mixed with 10 jxg/ml of PF4 in PBS. Fifty microliters of concentrations of polyvinyl suIfate/PF4 complexes 
were added to wells of a microtiter plate (POLYSORP; NUNC. DENMARK) and incubated overnight at 4**C (2-8*»C). 
The microtiter plate was then washed three times with PBS-Tw (PBS with 0.05% Tween-20) and blocked for 1 hour at 

35 room temperature (20-25**C) with PBS-Tw-1% BSA (bovine serum albumin). 

[0117] One patient sample known to have a strong heparin-induced antibody was diluted 1:500 in PBS, and one 
plasma sample from a normal donor was diluted 1:100 in PBS. Fifty microliter aliquots of the diluted samples were 
added in duplicate to microtiter wells coated with various concentrations of poly(vinylphosphonic acid)/PF4 complexes 
and incubated for 1 hour at room temperature (20-25°C). After three washes with PBS-Tw, bound IgG was detected 

40 by adding alkaline phosphatase labelled anti-human IgG diluted 1 :2000 in PBS, followed by incubation for 1 hour at 
room temperature. After four washes with PBS-Tw, the microtiter plate was incubated with P-nitrophenyl phosphate 
(PNPP) substrate for about 30 minutes at room temperature. The reaction was stopped by the addition of 3 M NaOH 
and absorbance was read at 405 nm using 650 nm for reference values. 

[0118] The results are diagrammed in Fig. 9, which indicates that polyvinylphosphonk: acid can be complexed to 
45 PF4 at a wide range of concentrations which are capable of binding to heparin-induced antibodies. Optimally, 5 \igfm\ 
- 400 M^g/ml of polyvinylphosphonk; acid should be mixed with 10 p-g/mi PF4. Referring to Fig. 9, the shaded bars 
represent reactions of positive samples. Clear bars represent reactions of nomial samples. 

Example 1 1 

so 

Poly-D-Glutamic Acid 

[0119] Poly-D-glutamic acid, sodium salt was obtained from Sigma Chemical Company, St. Louis, MO, molecular 
weight approximately 2000 - 15000 [-NHCH(CH2CH2C02Na)CO-]n. 
S5 [0120] In order to establish the ratio of poly-D-glutamic acid to PF4 suitable for the detection of heparin-induced 
antibodies, various concentrations of poly-D-glutamic acid ranging from 0.01 to 100 microgram per ml were mixed with 
1 0 p.g/ml of PF4 in PBS. Fifty microliters of concentrations of poty-D-glutamic acid/PF4 complexes were added to wells 
of a microtiter plate (POLYSORP; NUNC, DENMARK) and incubated overnight at 4°C (2-8*'C). The microtiter plate 
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was then washed three times with PBS-Tw (PBS with 0.05% Tween-20) and blocked for 1 hour at room temperature 
{20-25'»C) with PBS-Tw-1% BSA (bovine serum albumin). 

[0121] One patient sample known to have a strong heparin-lnduced antibody was diluted 1:500 in PBS, and one 
plasma sample from a nonmal donor was diluted 1:100 in PBS. Fifty microliter allquots of the diluted samples were 

5 added in duplicate to microtiter wells coated with various concentrations of poly-D-glutamic acld/PF4 complexes and 
incubated for 1 hour at room temperature (20-25°C). After three washes with PBS-Tw, bound IgG was detected by 
adding alkaline phosphatase labelled anti-human IgG diluted 1 :2000 in PBS, followed by Incubation for 1 hour at room 
temperature. After four washes with PBS-Tw. the microtiter plate was incubated with P-nltrophenyl phosphate (PNPP) 
substrate for about 30 minutes at room temperature. The reaction was stopped by the addition of 3 M NaOH and 

10 absorbance was read at 405 nm using 650 nm for reference values. 

[01 22] The results are diagrammed in Fig. 1 0 which indicates that poly-D-glutamic acid cannot be successfully com- 
plexed to PF4 at even a narrow range of concentrations which are capable of binding to heparin-induced antibodies. 
Referring to Fig. 10, shaded bars represent reactions of positive samples. Clear bars represent reactions of normal 
samples. 

15 

Example 12 
Polyethylene Glycol 

20 [01 23] Polyethylene glycol was obtained from Fluka (New York) with molecular weight approximately 4000 (3000 - 
4500) H(OCH2CH2)nOH. 

[0124] In order to establish the optimum ratio of polyethylene glycol to PF4 suitable for the detection of heparin- 
induced antibodies, various concentrations of polyethylene glycol ranging from 0.004 to 40 microgram per ml were 
mixed with 10 \Lg/m\ of PF4 in PBS. Fifty microliters of concentrations of polyethylene glycol/PF4 complexes were 
25 added to wells of a microtiter plate (POLYSORP; NUNC, DENMARK) and incubated overnight at 4°C (2-8<'C). The 
microtiter plate was then washed three times with PBS-Tw (PBS with 0.05% Tween-20) and blocked for 1 hour at room 
temperature (20-25''C) with PBS-Tw-1% BSA (bovine serum albumin). 

[0125] One patient sample known to have a strong heparin-lnduced antibody was diluted 1:500 in PBS, and one 
plasma sample from a normal donor was diluted 1:100 in PBS. Fifty microliter aliquots of the diluted samples were 

30 added in duplicate to microtiter wells coated with various concentrations of polyethylene glycol/PF4 complexes and 
incubated for 1 hour at room temperature (20-25°C). After three washes with PBS-Tw, bound IgG was detected by 
adding alkaline phosphatase labelled anti-human IgG diluted 1 :2000 in PBS, followed by incubation for 1 hour at room 
temperature. After four washes with PBS-Tw, the microtiter plate was incubated with P-nitrophenyl phosphate (PNPP) 
substrate for about 30 minutes at room temperature. The reaction was stopped by the addition of 3 M NaOH and 

35 absorbance was read at 405 nm using 650 nm for reference values. 

[0128] The results are diagrammed in Fig. 11 , which indicates that polyethylene glycol can not successfully be com- 
plexed to PF4 to form complexes that are capable of binding to heparin-lnduced antibodies. Higher concentration of 
polyethylene glycol tend to precipitate PF4. Referring to Fig. 11 , shaded bars represent reactions of positive samples. 
Clear bars represent reactions of normal samples. 

40 
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Glu Ala Glu Glu Asp Gly 
1 5 

Ser Gin Val Arg Pro Arg 

20 

Gly Pro His Cys Pro Thr 
35 

Arg Lys lie Cys Leu Asp 
50 

Lys Lys Leu Leu Glu Ser 
65 70 



Claims 

1 . A method of detecting heparin-induced antibodies to complete a diagnosis of heparln-induced thrombocytopenia 
(HITP) comprising: 

(a) binding human platelet factor 4 (PF4) to a linear, non-glycosamlnoglycan polymer having a backbone and 
carrying negative charges distributed along the polymer chain wherein the negative charge carried by the 
polymer is less thank 1 nm (10 A) from the polymer chain backbone, whereby a complex having an epitope 
recognizable by antibodies generated in an HITP immune response is formed; 

(b) contacting blood plasma or serum from a human patient suspected of having HITP with the complex; and 

(c) analyzing the complex to detemnine if HITP-related antibodies are present. 

2. The method of claim 1 wherein the polymer is not a carbohydrate. 

3. The method of claim 1 wherein the polymer is selected from the group consisting of polyvinyl sulfonate, polystyrene 
sulfonate, polyanetholesulfonate, polyvinyl phosphate, polyvinyl phosphonate and polyvinyl sulfate. 

4. The method of claim 3 wherein the polymer is selected from the group consisting of polyvinyl sulfate and polyvinyl 
sulfonate. 

5. The method of claim 1 wherein the spacing of the negative charges on the polymer is less than 1 nm (10 A). 

6. The method of claim 1 wherein the polymer comprises at least 10 subunits. 

7. The method of claim 1 wherein the platelet factor 4 is selected from the group consisting of native platelet factor 
4 and recombinant platelet factor 4. 

8. The method of claim 1 wherein the platelet factor 4 is synthetic platelet factor 4. 

9. A kit for diagnosing HITP comprising the potymer/PF4 complexes of claim 1 attached to a solid support. 

10. The kit of claim 9 additionally comprising a receptacle containing a chemical label for detecting an antibody gen- 
erated in an HITP immune response that has bound to the polymer/PF4 complex. 

11. The method of claim 1 wherein step b or step c is at 37*^0. 

12. A method of detecting heparin-induced antibodies to complete a diagnosis of HITP, comprising: 

(a) binding human platelet factor 4 to a linear, non-gtycosaminoglycan polymer carrying strong negative charg- 



Asp Leu Gin Cys Leu Cys Val Lys Thr Thr 
10 15 

His He Thr Ser Leu Glu Val lie Lys Ala 

25 30 

Ala Gin Leu lie Ala Thr Leu Lys Asn Gly 
40 45 

Leu Gin Ala Pro Leu Tyr Lys Lys He He 
55 60 
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es along the polymer chain, whereby a complex having an epitope recognizable by antibodies generated in 
an HITP immune response is formed; 

(b) contacting blood plasma or serum from a human patient suspected of having HITP with the complex; and 

(c) analyzing the complex to detemnine if HITP-related antibodies are present. 

13. The method of claim 12 wherein the polymer is not a carbohydrate. 

14. The method of claim 12 wherein the polymer Is selected from the group consisting of polyvinyl sulfonic acid, pol- 
ystyrene sulfonate, polyanethoiesulfonic acid, polyvinyl phosphoric acid, polyvinyl phosphonic acid and polyvinyl 
sulfate. 

15. The method of claim 1 2 wherein the polymer is selected from the group consisting of polyvinyl sulfate and polyvinyl 
sulfonate. 

16. The method of claim 12 wherein the spacing of the negative charges on the polymer is less than 1 nm (10 A). 

17. The method of claim 12 wherein the polymer comprises at least 10 subunits. 

18. The method of claim 12 wherein the platelet factor 4 is selected from the group consisting of native platelet factor 
4 and recombinant platelet factor 4. 

19. The method of claim 12 wherein the platelet factor 4 is synthetic platelet factor 4. 

20. A kit for diagnosing HITP comprising the polymer/PF4 complexes of claim 12 attached to a solid support. 

21. The kit of claim 20 additionally comprising a receptacle containing a chemical label for detecting an antibody 
generated in an HITP immune response that has bound to the polymer/PF4 complex. 

22. The method of claim 12 wherein step b or step c is at 37°C. 



Patentanspruche 

1 . Ein Verfahren zum Nachweis von Heparin-induzierten Antikorpern zur Vervollstandigung einer Diagnose von He- 
parln-induzierterThrombozytopente (HITP), umfassend: 

(a) Binden von humanem Plattchenf aktor 4 (PF4) an ein lineares, nicht-Glycosaminoglycan-Potymer, das eIn 
Grundgerust aufweist und negative Ladungen tragt, die entlang der Polymerkette verteilt sind, wobei die ne- 
gative Ladung des Polymers weniger ats 1 nm (1 0 A) von dem Potymerkettengrundgerust entfernt ist, wodurch 
ein Komplex mit einem Epitop gebildet wird, das von Antikorpern erkannt warden kann, die in einer HITP-lm- 
munantwort erzeugt worden sind; 

(b) In-Kontakt'Bringen von Biutplasma oder -serum von einem menschlichen Patienten, von dem vermutet 
wird, dass er HITP hat, mit dem Komplex; und 

(c) Analysieren des Komplexes. um zu bestimmen, ob HITP-bezogene Anttkorper vorliegen. 

2. Verfahren nach Anspruch 1 , bei dem das Polymer kein Kohlenhydrat ist. 

3. Verfahren nach Anspmch 1 , bei dem das Polymer aus der Gruppe bestehend aus Polyvinylsulfonat, Polystyrol- 
sulfonat, Polyanetholsulfonat, Polyvinylphosphat, Polyvlnylphosphonat und Polyvinylsulfat ausgewahit ist. 

4. Verfahren nach Anspmch 3, bei dem das Polymer aus der Gruppe bestehend aus Polyvinylsulfat und Polyvinyl- 
sulfonat ausgewahit ist. 

5. Verfahren nach Anspnjch 1 , bei dem der Abstand der negatlven Ladungen auf dem Polymer weniger als 1 nm (1 0 
A) betragt. 

6. Verfahren nach Anspruch 1 , bei dem das Polymer mindestens 10 Untereinheiten umfasst. 
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7. Verfahren nach Anspruch 1 , bei dem der PIdttchenf aktor 4 aus der Gruppe bestehend aus nativem Plattchenfaktor 
4 und rekombinantem Plattchenfaktor 4 ausgewdh It 1st. 

8. Verfahren nach Anspruch 1 , bei dem der Plattchenfaktor 4 synthetischer Plattchenfaktor 4 ist. 

5 

9. Ein Kit zur Diagnose von HITP. der die Polymer/PF4-Komplexe nach Anspruch 1 an einem Trager gebunden 

umfasst. 

10. Kit nach Anspruch 9, der zusatzlich einen Behalter umfasst, der einen chemischen Marker zum Nachweis eines 
10 Antikdrpers enthalt, der in einer HlTP-lmmunantwort erzeugt worden ist und der an den Polymer/PF4-Komplex 

gebunden hat. 

11. Verfahren nach Anspruch 1 , bei dem Schritt (b) Oder Schritt (c) bei 37^C stattfindet. 

15 12. Ein Verfahren zum Nachweis von Heparin-induzierten Antikdrpern zur Vervollst§ndigung einer Diagnose von HITP. 

umfassend: 

(a) Binden von humanem Plattchenfaktor 4 an ein lineares, nicht-Glycosaminogtycan-Potymer, das entlang 
der Potymerkette starke negative Ladungen trdgt, wodurch ein Komplex mit einem Epitop gebildet wird, das 

20 von Antikdrpern erkannt werden kann, die in einer HlTP-lmmunantwort erzeugt worden sind; 

(b) in-Kontakt-Bringen von Blutplasma oder -serum von einem menschlichen Patienten, von dem venmutet 
wird, dass er HITP hat, mIt dem Komplex; und 

(c) Analysieren des Komplexes, um zu bestimmen, ob HITP-bezogene Antikorper vortiegen. 
25 13. Verfahren nach Anspruch 12, bei dem das Polymer kein Kohlenhydrat ist. 

14. Verfahren nach Anspruch 12, be! dem das Polymer aus der Gruppe bestehend aus Polyvinylsulfonsaure, Polysty- 
rolsulfonat, Polyanetholsutfonsaure, Polyvinylphosphorsaure, Polyvinylphosphonsaureund Polyvinylsulfat ausge- 
wahlt ist. 

30 

15. Verfahren nach Anspruch 12. bei dem das Polymer aus der Gruppe bestehend aus Polyvinylsulfat und Polyvinyl- 

sulfonat ausgewahit ist. 

16. Verfahren nach Anspruch 12, bei dem der Abstand der negativen Ladungen auf dem Polymer weniger als 1 nm 
35 (10 A)betrggt. 

17. Verfahren nach Anspruch 12, bet dem das Polymer mindestens 10 Untereinheiten umfasst. 

1 8. Verfahren nach Anspruch 1 2, bei dem der Plattchenfaktor 4 aus der Gruppe bestehend aus nativem Plattchenfaktor 
40 4 und rekombinantem Plattchenfaktor 4 ausgewahit ist. 

19. Verfahren nach Anspruch 12, bei dem der Plattchenfaktor 4 synthetischer Plattchenfaktor 4 ist. 

20. Ein Kit zur Diagnose von HITP, der die Polymer/PF4-Komplexe nach Anspruch 12 an einem Trager gebunden 
45 umfasst. 

21. Kit nach Anspruch 20, der zusatzlich einen Behalter umfasst. der einen chemischen Marker zum Nachweis eines 
Antikdrpers enthdit, der in einer HlTP-lmmunantwort erzeugt worden ist und der an den Polymer/PF4-Komplex 
gebunden hat. 
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22. Verfahren nach Anspruch 12, bei dem Schritt (b) oder Schritt (c) bei 37*'G stattfindet. 
Revendications 

1. Proc^d^ permettant de d^tecter des antlcorps induits par Th^parine afin d*6tabllr un diagnostic d'HlTP (thrombo- 
cytop^nie induite par I'hdpanne), tequet precede comporte : 
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10 



a) le fait de lier du facteur plaquettaire 4 (PF4) humatn k un polymere lin^aire qui n*est pas un glycosamlno- 
glycanne, possede un squelette et porte des charges negatives qui sont r^parties le long de sa chaTne et 
sltu§es k moins de 1 nm (10 A) de son squelette, gr§ce k quoi il se fomne un comptexe qui porte un epitope 
reconnaissable par les anticorps 6labor6s au cours d'une r6ponse immunitaire HITP ; 

b) le fait de mettre en contact avec ce complexe du plasma ou du s6rum sanguin provenant d'un patient humain 
suspect6 d'etre un cas d'HITP ; et 

c) le fait d'analyser le complexe afin de determiner s'il y a des anticorps associ6s k rHITP. 

2. Procedd conforme k la revendication 1 , dans lequel le polymere n'est pas un glucide. 

3. Proc^de conforme a la revendication 1 , dans lequel te potymdre est choisi dans Tensemble que torment les poly 
(vinyl-sulfonate). poly(styrene-sulfonate), poly(anethole-sulfonate). poty(vinyl-phosphate), poly(vinyl-phosphona- 
te) et poly(vinyl-sulfate). 

4. Procede conforme a la revendication 3, dans lequel le potymdre est choisi pamil les poly(vinyl-sulfonate) et poly 
(vinyl-sulfate). 

5. Proc4d6 conforme k la revendication 1 . dans lequel les charges negatives prdsentes sur le polymere sont espac^es 
de moins de 1 nm (10 A). 

6. Proc6d§ conforme k la revendication 1 , dans lequel le polymdre comporte au moins 1 0 sous-unit6s. 

7. Precede conforme k la revendication 1 , dans lequel le facteur plaquettaire 4 est choisi parmi un facteur plaquettaire 
4 naturel et un facteur plaquettaire 4 recombinant. 

a. Precede conforme a la revendication 1 , dans lequel le facteur plaquettaire 4 est un facteur plaquettaire 4 synthe- 
tique. 

9. Trousse de diagnostic d'HTTP, qui contlent des complexes polym6re/PF4 indlquSs dans la revendication 1 , atta- 
30 ches a un support solide. 

10. Trousse confomie a la revendication 9, qui comporte en outre un receptacle contenant un marqueur chimlque qui 
sert a detecter les anticorps eiabor^s au cours d*une r^ponse immunitaire HITP qui se sont lies aux complexes 
polymfere/PF4. 
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11. Proc6d6 confomne k la revendication 1 , dans lequel c'est k 37 qu'on effectue retape (b) ou I'dtape (c). 

12. Precede permettant de detecter des anticorps indults par I'heparine afin d'etablir un diagnostic d'HITP (thrombo- 
cytopenle induite par I'heparine), lequel procede comporte : 



a) le fait de lier du facteur plaquettaire 4 (PF4) humain k un polymere Iin6aire qui n'est pas un glycosamino- 
glycanne et qui porte de fortes charges negatives reparties le long de sa chaTne, grkce k quoi il se forme un 
complexe qui porte un epitope reconnaissable par les anticorps eiabores au cours d'une reponse immunitaire 
HITP; 

45 b) le fait de mettre en contact avec ce complexe du plasma ou du serum sanguin provenant d'un patient humain 

suspecte d'etre un cas d'HITP ; et 

c) le fait d'analyser le complexe afin de determiner s'il y a des anticorps associes k THITP. 



13. Precede conforme k la revendication 12, dans lequel le polymere n'est pas un glucide. 

14. Precede conforme k la revendication 12, dans lequel le polymfere est choisi dans I'ensemble que forment les poly 
(acide vinytsulfonique), poly(styrene-sulfonate), poly(acide anethole-sulfonique), poly(acide vinyl-phosphorique), 
poty(acide vinyl-phosphonique) et poly(vinyl-sulfate). 

15. Precede conforme k la revendication 1 2. dans lequel le polymere est choisi parmi les poly(vinyl-suifonate) et poly 
(vinyl-sulfate). 

16. Precede confomrie k la revendication 1 2, dans lequel les charges negatives presentes sur le polymere sont espa- 
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cees de moins de 1 nm (10 A). 

17. Proc^dd conforme k (a revendication 12. dans lequel le polym6re comporte au moins 10 sous-unites. 

18. Proc^d^ conforme k la revendication 12. dans leque) ie facteur plaquettaire 4 est choisi pamii un facteur plaquet- 
taire 4 natural et un facteur plaquettaire 4 recombinant. 

19. Proc6d6 confonne k la revendication 12. dans lequel le facteur plaquettaire 4 est un facteur plaquettaire 4 syn- 
thetique. 

20. Trousse de diagnostic d'HITP, qui contient des complexes polym§re/PF4 indiqu^s dans la revendication 12. atta- 
chSs k un support solide. 

21. Trousse conforme k la revendication 20, qui comporte en outre un receptacle contenant un marqueur chimique 
15 qui sert k detecter les anticorps eiabords au cours d'une r^ponse Immunitaire HITP qui se sont \\6s aux complexes 

polymere/PF4. 

22. Precede conforme k la revendication 12, dans lequel c'est k 37 ''C qu'on effectue i'etape (b) ou retape (c). 
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